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Features

Operating voltage: 2.4V~5.5V

Internal 32kHz RC oscillator

Bias: 1/3 or 1/4; Duty: 1/4, 1/6 or 1/8

Internal LCD bias generation from resistor divider
I2C-bus interface

LCD frame frequency: 72Hz

Up to 24x8 bits RAM for display data storage

Various display modes

¢ 24x4 patterns: 24 segments and 4 commons

¢ 22x6 patterns: 22 segments and 6 commons

¢ 20x%8 patterns: 20 segments and 8 commons

Key scan function

+ 24x1 matrix key scanning in 24x4 display mode

¢ 22x]1 matrix key scanning in 22x6 display mode

+ 20x1 matrix key scanning in 20x8 display mode

Eight general purpose output (GPO) ports, can be set to buzzer or LED driver output
Four driver output modes: Common, Segment, Key, GPO
Four selectable buzzer frequencies: 1kHz, 2kHz, 4kHz, 8kHz
Selectable hardware interrupt

R/W address auto increment

Low power consumption

Manufactured in silicon gate CMOS process

Package Types: 32-pin QFN

Applications

Measurement equipment displays
Kitchen Appliance displays
Audio Combo displays

Leisure products

Household appliance

Games

Telephones

Consumer electronics

Rev. 1.00
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General Description

The HT16K24 device is a memory mapping and multi-function LCD controller driver which can be

switched to either 1/4, 1/6 or 1/8 duty. The display modes of the device are 96 patterns (24 segments

and 4 commons), 132 patterns (22 segments and 6 commons) or 160 patterns (20 segments and 8

commons). It also supports 24x1 (Maximum) key matrix circuit and supports up to 8 segment/GPO

shared pin outputs to control other devices. The GPO outputs can be programmed to drive up to 8

LEDs and a set of direct push buzzer output functions.

The software configuration feature of the HT16K24 device makes it suitable for multiple LCD

applications including LCD modules and display subsystems. The HT16K24 device communicates

with most microprocessors or microcontrollers via a two-line bidirectional I?C-bus.

Block Diagram

COMO
com1
> COM2
8 Display RAM
> 24x8 bits < Zommon COM3
egmen
scL DXF—> ) | KeyINT Drver SEG19/COM4/K19/INT
r'c » Output SEG18/COMS5/K18
Controller ld Timi
[« Internal iming SEG17/COMB6/K17/INT
" » ke » Cenerater g SEG16/COM7/K16
Oscillator
+ SEG15/K15/INT
8 o Key Data RAM W
7> 38 bits <€ > SEG23/K23/LEDO
q z :
> —»] SEG20/K20/LED3
| Segment ) .
vDD [———————p{ LCD Bias Circuit > D/Key/éEtD s i
river Outpu
P —»] SEG14/K14/LED4
> z E
Lad
SEG11/K11/LED7
Power-on > LCD
Reset > Resistor Voltage SEG10/K10/BZ
Divider »| Selector _
g < SEGOIK9/BZ
- P Segment/Key
> | /Buzzer Driver SEG8/K8
> Output
vss |X|1 < >
= SEGO0/KO
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Pin Assignment

0000
00005589
55558889
mininininininin|
32313029282726 25
SEG23/K23/LEDO ] 1 o 241 SEGO0/KO
SEG22/K22/LED1 [} 2 231 SEG1/K1
SEG21/K21/LED2 [} 3 221 SEG2/K2
SEG20/K20/LED3 ] 4 HT16K24 211 SEG3/K3
SEG19/COM4/K19/INT [] 5 32 QFN-A 200 SEG4/K4
SEG18/COM5/K18 [} 6 19|11 SEG5/K5
SEG17/COM6/K17/INT [ 7 182 SEG6/K6
SEG16/COM7/K16 [ 8 17[A SEG7/K7
9 101112131415 16
Ooooooood
DODOO®N OO
mmmmimimimim
[oXoXoXoXoRoRoXn)
oronvsos?
ARXXZR03
aren=20f
ZhmmmN
“oguoo
OO N
Pin Description
Pin Name Type Description
SDA 1/0 Serial Data Input/Output for I2C interface
SCL | Serial Clock Input for I2C interface
VDD — Positive power supply
VSS — Negative power supply, ground
COMO~COM3 O LCD Common output
* LCD Segment output
SEG19/COM4/K19/INT yo | LCD Common output
» Key input
* Interrupt signal output
* LCD Segment output
SEG18/COM5/K18 I/0 * LCD Common output
* Key input
« LCD Segment output
SEG17/COMB/K17/INT yo |°LCD Common output
» Key input
« Interrupt signal output
» LCD Segment output
SEG16/COM7/K16 I/0 * LCD Common output
» Key input
» LCD Segment output
SEG15/K15/INT I/0 * Key input
* Interrupt signal output
SEG20/K20/LED3~ o | kg?if;?tme”t output
SEG23/K23/LEDO + LED output
SEG11/K11/LEDT~ o | kg}'?if;?tme”t output
SEG14/K14/LED4 - LED output
+ LCD Segment output
SEG10/K10/BZ 110 * Key input
* Buzzer frequency output
Rev. 1.00 6 June 11, 2025
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Pin Name Type Description
o » LCD Segment output
SEG9/K9/BZ I/0 * Key input
» Buzzer frequency sub-output
SEG8/K8~SEGO/KO yo | LCD Segment output
 Key input

Approximate Internal Connections

COM4~COM?7, SEGO~SEG23, LEDO~LED7, K0~K23, BZ, BZ, INT SCL, SDA (for Schmitt trigger type)
1
VDD
Vss © Voo
SEG
1

Veo AN

1 1 1T 1

Ko-K23 ZTE _ ] AN -

é i o ve

VDD
LEDO~LED7
! 5o

VDD
BZ BZ COMO~COM3

I "o
Vssi
VDD
INT % _I_ Voo
O Dc o
Vss
B T |
1 1
Voo Voo
Vss Vss
COoOM —l_
1
Voo
Vss
T

Rev. 1.00 7 June 11, 2025



HOLTEK i ’

HT16K24
RAM Mapping 24x4 / 22x6 / 20%8
LCD Controller Driver with Key Scan

Absolute Maximum Ratings

SUPPLY VOIEAZE ..ottt Vss-0.3V to Vsst+6.5V
INPUL VOIEAZE ...ttt Vss-0.3V to Vpp+0.3V

Storage Temperature

Operating Temperature

.................................................................................... -55°C to 150°C
...................................................................................... -40°C to 85°C

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximum
Ratings” may cause substantial damage to the device. Functional operation of this device at
other conditions beyond those listed in the specification is not implied and prolonged exposure
to extreme conditions may affect device reliability.

D.C. Characteristics

Vss=0V, Vop=2.4V~5.5V, Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vbp Conditions
Vop Operating Voltage — — 2.4 — 5.5 V
3V |No load, LCD display on, other _ 155 310 pA
lop Operating Current functions are set to default value,
5V | BR[1:0]=10b — 260 420 A
3v | No load, LCD display off, other _ 8 30 pA
Iop1 Operating Current functions are set to default value,
5V |BR[1:0]=10b — 20 60 MA
3V |No load, standby mode, — 1 3 pA
Ists Standby Current 5y |BR[1:0]=10b — > 5 uA
I Input Leakage Current — |Vin=Vss or Vop -1 — 1 uA
3V 3 — — mA
loL1 Low Level Output Current Vo=0.4V, SDA
5V 6 — — mA
3V | Vo=0.1Vop, LED pin, 3 6 — mA
5v |LCn[1:0]=00b, n=0~7 6 12 — mA
3V 1Vo1=0.1Voo, LED pin, 5 10 — mA
5v |[LCn[1:0]=01b, n=0~7 10 20 — mA
loL2 Low Level Output Current
3V | Vo=0.1Vop, LED pin, 7 15 — mA
5v |LCn[1:0]=10b, n=0~7 14 30 — mA
3V | Vo=0.1Vop, LED pin, 16 32 — mA
5v [LCn[1:0]=11b, n=0~7 32 65 — mA
3V |Vo=0.9Voo, LED pin, 07 | 15 | — mA
5v |LCn[1:0]=00b, n=0~7 15 | -29 — mA
3V | Vo=0.9Vop, LED pin, 13 | 25 | — mA
5v | LCn[1:0]=01b, n=0~7 25 -5.1 — mA
lon High Level Output Current
3V |Vo=0.9Vop, LED pin, -18 | -36 | — mA
5v |LCn[1:0]=10b, n=0~7 -3.6 7.3 — mA
3V |Vo1=0.9Vop, LED pin, -4 -8 — mA
5v |LCn[1:0]=11b, n=0~7 -8 -16 — mA
Vin Input High Voltage — |SDA, SCL 0.7Voo | — Voo V
Vi Input Low Voltage — |SDA, SCL 0 — | 0.3Vmo V
) 3V |Vor=0.3V 80 160 — uA
lota LCD COM Sink Current
5V |Vo=0.5V 180 360 — HA
3V |Von=2.7V -80 -120 — MA
lor LCD COM Source Current
5V | Von=4.5V -120 | -200 — MA
Rev. 1.00 8 June 11, 2025
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Test Conditions
Symbol Parameter Min Typ. | Max. | Unit
Voo Conditions
. 3V |Vor=0.3V 60 120 — WA
lots LCD SEG Sink Current
5V |Vor=0.5V 120 200 — uA
3V |Vou=2.7V -40 -70 — MA
lomz LCD SEG Source Current
5V |Von=4.5V -70 -140 — uA
. 3V |[Vor=0.3V 1 — — mA
lote INT Sink Current
5V |Vor=0.5V 2 — — mA
3V |Vo=2.7V -1 — — mA
loms INT Source Current
5V |Vo=4.5V -2 — — mA
. 3V |Vor=0.3V 16 32 — mA
loL7 BZ/BZ Sink Current
5V |Vor=0.5V 32 65 — mA
__ 3V |Vo=2.7V -4 -8 — mA
loma BZ/BZ Source Current
5V |Vo=4.5V -8 -16 — mA
. 3V . . 220 400 600 kQ
ReL Input Pull-low Resistance During key scan period
5V 220 400 600 kQ

A.C. Characteristics

Vss=0V, Vop=2.4V~5.5V, Ta=-40°C~85°C, unless otherwise specified

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Ta=25°C, KP[2:0]=000b
AV 114 duty, 1/6 duty, 1/8 duty | 882|720 795 Hz
fieo LCD Frame Frequency Ta=-40~85°C, KP[2:0]-000b
a=-40~ , :0]=
AV 114 duty, 1/6 duty, 1/8 duty | 20 | 72 | 105 | Hz
Vror Vop Start Voltage to Ensure Power-on Reset| — — — | — | 100 | mV
RRror | Vop Rising Rate to Ensure Power-on Reset | — — 005 — | — | Vims
Minimum Time for Vop to Remain at Veor to
tror —_ — 10 | — — ms
Ensure Power-on Reset

A.C. Characteristics — I?’C-Bus Interface

Ta=-40°C~85°C

Vpp=2.4V~5.5V | Vpp=3.0V~5.5V
Symbol Parameter Test Conditions Unit
Min. Max. Min. Max.
fsol Clock Frequency — — 100 — 400 | kHz
Time in which the bus must be
taur Bus Free Time free before a new transmission| 4.7 — 1.3 — us
can start
tupsm | START Condition Hold Time  |After this period, thefirstclock |, o | | g5 | _ | g
pulse is generated
tLow SCL Low Time — 4.7 — 1.3 — us
thieH SCL High Time — 4.0 — 0.6 — ys
- ) Only relevant for repeated
tsussta START Condition Setup Time START condition 4.7 — 0.6 — us
thp:DAT Data Hold Time — 0 — 0 — ns
tsupar Data Setup Time — 250 — 100 — ns
tr SDA and SCL Rise Time Mot — — 1.0 — 0.3 us
te SDA and SCL Fall Time ®ete) — — 0.3 — 0.3 us
Rev. 1.00 9 June 11, 2025
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Vpp=2.4V~5.5V | Vpp=3.0V~5.5V

Symbol Parameter Test Conditions Unit
Min. Max. Min. Max.
tsusto | STOP Condition Setup Time — 4.0 — 0.6 — us
taa Output Valid from Clock — — 3.5 — 0.9 us
Input Filter Time Constant . L
tsp (SDA and SCL Pins) Noise suppression time — 100 — 50 ns

Note: These parameters are periodically sampled but not 100% tested.

Timing Diagrams

I2C Timing

7 -x [T
SDA i x
y | W A
|| tsu:pa ¢
SP
scL \
tsussto

Power-on Reset Timing

The device must be powered up under certain conditions to ensure correct operation as shown in the
accompanying diagram.

Voo
A

RRpor

——tpor—— P>

< Veor

- Time
Note: 1. If the Power on Reset timing conditions are not satisfied in the power On/Off sequence, the
internal Power on Reset circuit will not operate normally.
2. If Vpp drops below the minimum voltage of the operating voltage spec. during operating,
the Power on Reset timing conditions must also be satisfied. That is, Vpp must drop to 0V
and remain at OV for 20ms (min.) before rising to the normal operating voltage.

Rev. 1.00 10 June 11, 2025
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Functional Description

Power-on Reset

When power is turned on, the device is initialised by the internal power-on reset circuit. The status

of the internal circuit after initialization is as follows:

Display mode is 24x4, 24 segments and 4 commons.

System oscillator and the LCD bias generator are off.

LCD Display is off.

Key scan stops.

All common pins are set to Vss.

All segment pins are in an input state.

The Segment/LED/INT/BZ/BZ shared pin is set as the Segment pin.

The control registers, key data RAM and display data RAM are set to their default value.

Data transfers on the I>C-bus should be avoided for 1ms following power-on to allow completion of

the reset procedure.

Standby Mode

Before the standby command is executed, all key data must be read.

In the standby mode, the HT16K24 cannot accept any input command or write data to the display

RAM except for the system mode setting command.

If the standby mode is selected by clearing the “S” bit of the system mode setting command to “0”,

the status of the standby mode is as follows:

System Oscillator is off.

LCD display is off.

Key scan stops.

All key data and INT flags are cleared, until the standby mode is cancelled.

The key matrix is pushed by any key or if the “S” bit of the system mode setting command is set
to “17”, this standby mode will be cancelled and the device will wake up.

All common pins are set to Vss.

If the “INT/ROW? bit of the driver mode setting command is set to “0”, all segment/INT shared
pins are changed to input pins.

If the “INT/ROW?” bit of the driver mode setting command is set to “1”, all segment/INT shared
pins are changed to input pins except for the INT pin (output).

The INT pin output keeps at a high level when the “ACT” bit of the driver mode setting command
is set to “0”. The INT pin output keeps at a low level when the “ACT” bit of the driver mode
setting command is set to “17, if the “INT/ROW?” bit of the driver mode setting command is set to
“17.

If the SEG/LED shared pin command is set to segment output function, all segment output pin
status are changed to input pins.

If the SEG/LED shared pin command is set to LED output function, all LED output pin status are
not changed. The LED pin output level is kept at the setting before the standby mode, until the
standby mode is canceled.

Rev. 1.00
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* If the SEG/Buzzer shared pin command is set to segment output function, all segment output pin
status are changed to input pins.

« If the SEG/Buzzer shared pin command is set to Buzzer output function, all Buzzer output pin
status are not changed, the BZ/BZ pin output level is kept at a low level, until the standby mode is
canceled.

Wake-up

The device can be woken up by a valid key press or setting the “S” bit of the system mode setting
command to “1”. The status after wake-up is shown below.

+ System Oscillator restarts for normal operation.
* The key scan will be performed.
 The previous output will be displayed until updated by each mode command set.

* The relationship between Wake-up, any key press delay time, INT flag or INT pin output is as
follows.

Press Press Release Press

\ 4 y
| Release key | | Release key |

I
| 2 frame cycles 2 f' < . | 2 frame cycles
< rame cycles
| |

Any key

INT flag or INT pin output
(When the ACT bit is set to "1") I /I I I /w| I
|

Key data are updated Key data are updated
Read key data command set

from MCU |

After the key data has been read,
clear the key data RAM. After the key data has been read,

from MCU

|

I

|

|

|
Standby mode command set | clear the key data RAM.

I

|

|

Wake-up |
|

Normal active status Normal active status

HT16K24 operation status

A 4

I: Standby statu:

System Oscillator
The internal logic and the LCD driver signals of the HT16K24 are timed by the integrated RC
oscillator.

The System Clock frequency (fsys) determines the LCD frame frequency. A clock signal must
always be supplied to the device as removing the clock may freeze the standby mode command is
executed. At initial system power on, the System Oscillator is in the stop state.

LCD Bias Generator
The full-scale LCD voltage (Vop) is obtained from (Vpp-Vss).

Fractional LCD biasing voltages are obtained from an internal voltage divider of four series resistors
connected between Vpp and Vss. If all resistors are used, a 1/4 bias voltage level configuration is
generated. The center resistor can be switched out of the circuit to provide a 1/3 bias voltage level
configuration.

Rev. 1.00 12 June 11, 2025
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There are 4 kinds of bias resistor values, 2kQ, 4kQ, 8kQ, and 16kQ, as shown below.

VDD
o
VDD
16kQ
_‘
V3
16kQ
- Lcp
Bias
v2 Selector
16kQ
_‘
V1
16kQ
_‘

Segment Driver Outputs

The LCD driver section includes segment outputs which should be connected directly to the LCD
panel. The segment output signals are generated in accordance with the multiplexed common signals
and with the data resident in the display latch. The unused segment outputs should be left open-
circuit.

Common Driver Outputs

The LCD driver section includes outputs which should be connected directly to the LCD panel. The
common output signals are generated in accordance with the selected LCD drive mode. The unused
common outputs should be left open-circuit.

Address Pointer

The addressing mechanism for the display RAM is implemented using the address pointer. This allows
the loading of an individual display data byte, or a series of display data bytes, into any location of the
display RAM. The sequence commences with the initialization of the address pointer by the Address
pointer command.

Frame Frequency

The device provides one frame frequency, which is 72Hz.

Rev. 1.00 13 June 11, 2025
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Display Memory — RAM Structure

The display RAM is a static 24x8-bit RAM where the LCD data is stored. A logic “1” in the RAM
bit-map indicates the “on” state of the corresponding LCD segment; similarly a logic 0 indicates the
“off” state.

There is a one-to-one correspondence between the RAM addresses and the segment outputs, and
between the individual bits of a RAM word and the common outputs. The following tables show the
mapping from the RAM to the LCD pattern:

Output | COM3 | COM2 | COM1 COMO | Output | COM3 | COM2 | COM1 COMO | Address
SEG1 SEGO 00H
SEG3 SEG2 01H
SEG5 SEG4 02H
SEG7 SEG6 03H
SEG9 SEGS8 04H
SEG11 SEG10 05H
SEG13 SEG12 06H
SEG15 SEG14 07H
SEG17 SEG16 08H
SEG19 SEG18 09H
SEG21 SEG20 0AH
SEG23 SEG22 0BH

D7 D6 D5 D4 D3 D2 D1 DO Data Bit

RAM Mapping of 24x4 Display Mode

Output o | SES19/ | coM3 | com2 | COM1 | COMO | Address
SEGO — — 00H
SEG1 — — 01H
SEG2 — — 02H
SEG3 — — 03H
SEG4 — — 04H
SEG5 — — 05H
SEG6 — — 06H
SEG7 — — 07H
SEG8 — — 08H
SEG9 — — 09H
SEG10 — — 0AH
SEG11 — — 0BH
SEG12 — — OCH
SEG13 — — ODH
SEG14 — — OEH
SEG15 — — OFH
SEG16 — — 10H
SEG17 — — 11H
SEG20 — — 12H
SEG21 — — 13H
SEG22 — — 14H
SEG23 — — 15H

D7 D6 D5 D4 D3 D2 D1 DO Data Bit

RAM Mapping of 22x6 Display Mode
Rev. 1.00 14 June 11, 2025
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Output SCEC‘,;IJ;' ScEc?n;Zl S&Egnjlg’ S&Egn;z’ COM3 | COM2 | COM1 | COMO | Address
SEGO 00H
SEGT 01H
SEG2 02H
SEG3 03H
SEG4 04H
SEGS5 05H
SEG6 06H
SEG7 07H
SEGS 08H
SEG9 09H
SEG10 0AH
SEG11 0BH
SEG12 0CH
SEG13 ODH
SEG14 OEH
SEG15 OFH
SEG20 10H
SEG21 11H
SEG22 12H
SEG23 13H
D7 D6 D5 D4 D3 D2 D1 DO | Data Bit

RAM Mapping of 20x8 Display Mode

MSB LSB

|D7|D6|D5|D4|D3|D2|D1|D0|

Display Data Transfer Format for I12C Bus Interface

Rev. 1.00 15 June 11, 2025
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LCD Drive Mode Waveforms

* When the LCD drive mode is selected as 1/4 duty and 1/3 bias, the waveform and LCD display are
shown as follows.

COMO

COM1

com2

COM3

SEGn

SEGn+1

SEGn+2
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Vop-2Vop/3
Vss

Vop
Vbp-Vop/3
Vop-2Vop/3
Vss

Vop

Vop-Vop/3

Vbp-2Vop/3

Vss

Note:

I
- fLcp
I
|
I
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I
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AL ]
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+
Display Period] Key Scan Period
-

-1

LCD Segment

o000

State1
(on)

State2

(off) ) . . .

Waveforms for 1/4 Duty Drive Mode with 1/3 Bias (Vor=Vbp-Vss)

1. tcep=1/ficp.

2. The display period is about 3.375ms (108 clock cycles) without key scan period.
3. The key scan period is about 62.5pus (2 clock cycles) @ KP[2:0]=000b.
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* When the LCD drive mode is selected as 1/6 duty and 1/3 bias, the waveform and LCD display are
shown as follows.

fLep
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COom3
Vop-2Vop/3
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COMm4
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Voo-Vop/3
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Vop-2Vop/3

|
Vob — :
|
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- = PP UL
T
s
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L
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|
|
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|
|
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|
|
Voo-2Vop/3 I
Vss
|
|
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|
|
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Voo — — | —
|
Voo-Vop/3 !
SEGn+3 |
Vop-2Vop/3 I
Vss —L

Display Period | |Key Scan Period
L > e '

Waveforms for 1/6 Duty Drive Mode with 1/3 Bias (Vor=Vbp-Vss)

Note: 1. teep=1/ frep.
2. The display period is about 2.281ms (73 clock cycles) without key scan period.
3. The key scan period is about 31.25us (1 clock cycle) @ KP[2:0]=000b.
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Rev. 1.00 17 June 11, 2025



_ HT16K24
HDLTEK# RAM Mapping 24x4 / 22x6 / 20%8

LCD Controller Driver with Key Scan

When the LCD drive mode is selected as 1/8 duty and 1/4 bias, the waveform and LCD display are
shown as follows.
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Voo-Vopld
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1
|

INEER

Waveforms for 1/8 Duty Drive Mode with 1/4 Bias (Vor=Vbp-Vss)

Note: 1. trep=1/ ficp.
2. The display period is about 1.719ms (55 clock cycles) without key scan period.
3. The key scan period is about 31.25ps (1 clock cycle) @ KP[2:0]=000b.
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Tone Output

A simple tone generator is implemented in the HT16K24. The tone generator can output a pair of

differential driving signals on the BZ and BZ, which are used to generate a single tone. By executing

the Buzzer frequency command there are four selectable tone frequency outputs. The Buzzer

frequency command can set the tone frequency to 1kHz, 2kHz, 4kHz and 8kHz, respectively. The

tone output can be turned on or off by invoking the BZEN bit. The tone outputs, namely BZ and BZ,

are a pair of differential driving outputs used to drive a piezoelectric buzzer. Once the tone output is

inhibited, the BZ and the BZ outputs will remain at a low level.

LED Function

The HT16K24 supports 8 LED output ports. These ports are CMOS output structure. Use the write
LED data command to write data to the LED port. Users use internal CMOS devices to directly
drive LED components. When a bit of the port is set to 1, the corresponding LED is on. When the
bit is cleared to 0, the LED is off.

Key Scan

The HT16K24 supports a 24x1 matrix key scan in the 24x4 display mode, a 22x1 matrix key scan
in the 22x6 display mode and a 20x1 matrix key scan in the 20x8 display mode.

The hardware interrupt function is optional, allowing SEG19/COM4/K19/INT in the 24x4 display
mode or SEG17/COM6/K17/INT in the 22x6 display mode or SEG15/K15/INT in the 20x8 display
mode to be used as an INT output or as a segment driver. The interrupt flag can be read (polled)
through the serial interface instead.

The key scan input pins are shared with segment output pins.

The key scan cycle loops continuously with time, with all keys experiencing a full key scan
debounce of over 20ms. A key press is debounced and an interrupt issued if at least one key that
was not pressed in a previous cycle is found pressed during both sampling periods.

The INT output is active-low when the “ACT” bit of the driver mode setting command is set to “0”.

The INT output is active-high when the “ACT” bit of the driver mode setting command is set to “1”".

INT Timing

The key data is updated and the INT function is changed if the key has been pressed for 2 frame
cycles.

The INT function is changed when the first key has been pressed.

After the key data has been read, the key data registers are cleared to “0” and the INT flag bit is

cleared to “0”. The INT pin goes low when the “ACT” bit of the driver mode setting command is
set to “17.

After the key data has been read, the key data registers are cleared to “0” and the INT flag bit is
cleared to “0”. The INT pin goes high when the “ACT” bit of the driver mode setting command is
cleared to “0”.

The INT flag register is shown below. To clear the INT flag status, the key data register must be
read from 0x20H~0x22H in one operation.

Register Data
INT Flag Register Address Code R/W
D7 D6 | D5 | D4 | D3 | D2 | D1 DO Def.
INT flag register 0x30H R 0 0 0 0 0 0 0 INT flag | OOH
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Press first key Realease key Press second key Key data updated Realease key

| 1st frame |2nd frame| 3rd frame | 4th frame | 5th frame | 6th frame | 7th frame | 8th frame | 9th frame | _

INT flag ; I_ -

INT pin (active low) -

INT pin (acive high) — | F -
\

When the interrupt is asserted if required: After all key data has been read:
Key data is updated 1. Clear the key debounce register
2. The INT flag bit is cleared to "0"
3. The INT pin goes low when the "ACT" bit is set to "1"
4. The INT pin goes high when the "ACT" bit is cleared to "0"

Key Matrix Configuration

There is a key scan circuit integral to the HT16K24 which can detect a key press. It includes twenty-
four inputs (KO to K23, shared with SEGO to SEG23) in the 24x4 display mode, twenty-two inputs
(KO to K21, shared with SEGO to SEG21) in 22x6 display mode or twenty inputs (KO to K19,
shared with SEGO to SEG19) in 20x8 display mode.

The key matrix has a 24x1 matrix in the 24x4 display mode, a 22x1 matrix in the 22x6 display or a
20x1 matrix in the 20x8 display configuration as shown below.

. VDD
—— = eoo0—e Q

g v g ¢ g gegLrvgggcggTe et 2y s g
S T 3§ ®» I B ® N ® § ¥ ¥ X X ¥ X X ¥ X ¥ ¥ ¥ x ¥
O o 0 0 0 0 0o o 0O 0 8 £ & & F B & = 3 9 2 ¥ Q
w w w w w w w w w w o Y o o Y Y Y Y o N
» 0o 6 o 0 6 o 0 o o G Q53838828835 8
(2] (2] (2] (2] (2] 2] 2] 2] [ 2] 2] 2] 2] 2]
24x1 Matrix in 24x4 Display Mode
VDD
—— -~ e—o0o0—e o
g v g ¢ g ¢ gL g g e c g T e LT e 28 T
e - ¥ 2 ¥ 2 o & 2 2
S ¥ d ®» ¥ B & KN ® o X X X X x x X X X X X X
58202888885 5555%0606006 08 3
» * a * * » » » a a w w w w w w w w w w w w
(7] %] 4] @] %] 7] 7] @] (@] 4] 4] %]

22x1 Matrix in 22x6 Display Mode
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Key Data Register

SEG2/K2 —o
SEG3/K3 —o
SEG4/KA —o
SEG5/K5E —
SEGB/KE —o
SEG7/K7 —o <
SEG8/K8 —o
SEGI/K9 —o
SEG10/K10 —o—
SEG11/K11 —o
SEG12/K12 —
SEG13/K13 —o
SEG14/K14 —o
SEG15/K15 —o
SEG16/K16 —o
SEG17/K17 —o
SEG18/K18 —o
SEG19/K19 —o

20x1 Matrix in 20x8 Display Mode

After the key data registers have been read, the key data registers are cleared to “0”, to enable future
key presses to be identified. If the key data register is not read, the key data accumulates. There is no
FIFO register in the HT16K24. The key-press order, or whether a key has been pressed more than
once, cannot be determined unless all of the key data RAM is read after each interrupt and before
completion of the next key scan cycle.

After the key data registers have been read, the INT output and INT flag status are cleared. If a key
is pressed and held down, the key is reported as being debounced (and an INT is issued) only once.

The key must be detected as released by the key scan circuit before it is debounced again.

It is strongly recommended to read the key data registers from the address 0x20H only. The key
data registers of addresses from 0x20H to 0x22H should be read continuously and completed in one
operation.

There is a one-to-one correspondence between the key data register addresses and the key data
outputs and between the individual bits of a key data register word and the key data outputs. The
following table shows the mapping from the RAM to the key data output:

The key data registers are read only. The key data register format is shown below:

Key Data | Address RIW Register Data

Register | Code D7 D6 D5 D4 D3 D2 D1 DO | Def.
0x20H R K7 K6 K5 K4 K3 K2 K1 KO | OOH

*;Z{S‘:Z:z 0x21H R K15 | K14 | K13 | K12 | K11 | K10 K9 K8 00H
0x22H R K23 | K22 | K21 | K20 | K19 | K18 | K17 | K16 | OOH

Key Scan Period Setting Command

Due to various LCD characteristic, it will have different RC time constant in key scan period. If the
equivalent capacitance is larger in the LCD, it cannot be charged or discharged fully in key scan
period. The key cannot be read correctly. To avoid read key error, users can adjust the key scan
period through this command. If key scan period is too longer, it may affect the LCD visual quality.

The key scan period can be adjusted through this command. In generally, users do not need to use
this command, when key data can be read correctly.

The default value of key scan period is 2 clock cycle time in 24x4 display mode, 1 clock cycle time in
22x6 display mode and 20%8 display mode.
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I2C Serial Interface

The device includes an I°C serial interface. The I>C bus is used for bidirectional, two-line
communication between different ICs or modules. The two lines are a serial data line (SDA) and a
serial clock line (SCL). Both lines are connected to a positive supply via a pull-up resistor. When the
bus is free, both lines are high. The output stages of devices connected to the bus must have an open-
drain or open-collector output type to implement the required wired-and function. Data transfer is
initiated only when the bus is not busy.

Data Validity

The data on the SDA line must be stable during the high period of the clock. The high or low state of
the data line can only change when the clock signal on the SCL line is low as shown below.

Data line stable;

|
Data valid Change of data allowed

START and STOP Conditions
A high to low transition on the SDA line while SCL is high defines a START condition.
* Alow to high transition on the SDA line while SCL is high defines a STOP condition.

* START and STOP conditions are always generated by the master. The bus is considered to be
busy after the START condition. The bus is considered to be free again a certain time after the
STOP condition.

» The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition. In this
respect, the START (S) and repeated START (Sr) conditions are functionally identical.

[ I~ 77
J— | _—— | - -
SDA | | § A SDA
| - [
SCL__W___W__SCL
I | I I

IS I P

START condition STOP condition

Byte Format

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted per
transfer is unrestricted. Each byte has to be followed by an acknowledge bit. Data is transferred with
the most significant bit (MSB) first.

o T\

|

[42]
<t

/2]
N
~
™
©
N
w 1
[
o
©
T

SCL 2

_‘
14

ACK ACK

r____
'wo
15
rm———-
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15
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Acknowledge

» Each byte of eight bits is followed by a single acknowledge bit. This acknowledge bit is a low
level which is placed on the bus by the receiver. The master generates an extra acknowledge
related clock pulse.

* A slave receiver which is addressed must generate an acknowledge (ACK) after the reception of
each byte.
* The device that provides an acknowledge must pull down the SDA line during the acknowledge

clock pulse so that it remains at a stable low level during the high period of this clock pulse.

* A master receiver must signal an end of data status to the slave by generating a not-acknowledge
(NACK) bit on the last byte that has been clocked out of the slave. In this case, the master receiver
must leave the data line high during the 9th pulse to not acknowledge. The master will generate a
STOP or repeated START condition.

1 . o e _ =
Data Output i i
By Transmiter 1 '
—
' not acknowledge —4
- -
] ~ '
]
|
)
]
]
)
]
]
|
)
]

Data Output

1
]
|
1
By Receiver !
1
! acknowledge —4
SCL From H
Master ! 1 2\ 7 8 9
LS
START
condition CLK pulse for
acknowledgement

Device Addressing

The slave address byte is the first byte received following a START condition from the master
device. The first seven bits of the first byte make up the slave address. The eighth bit defines whether
a read or write operation is to be performed. When this R/W bit is “1”, then a read operation is
selected. A “0” selects a write operation.

The HT16K24 address bits are “1110011” as shown below. When an address byte is sent, the
device compares the first seven bits after the START condition. If they match, the device outputs an
acknowledge on the SDA line.

1 1
l¢——Slave Address—————p|
ImsB LsB |

1 1 1 0 0 1 1 |RW

Write Operation

Command Byte Write Operation

A command byte write operation requires a START condition, a slave address with an R/W bit, a
command byte and a STOP condition.
I I
' I Addi |
L |
Lol lefefeofef ] |
?

Write  ACK ACK

Command Byte Write Operation

'ommand by

I
I
L
|B\|7|B\|6|BilS|Bit4

Bi13|Bi|2|B\| 1|BilO

|T|
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Display RAM Single Data Byte Write Operation

A display RAM data byte write operation requires a START condition, a slave address with an R/W
bit, a valid Register Address byte, a Data byte and a STOP condition.

' ' ' '
': Sl Add! :' H—Register Address byte—N ': Data byt ;'

Bit4|Bit3|Bit2|Bii1|BitO D7|D6|D5|D4|D3|D2|D1|D0 P

Write ACK ACK ACK

S|1|1|1|0|0|1|1|0 Bit7|Bi16|Bit5

Display RAM Single Data Byte Write Operation

Note: If the byte followed by the slave address is a command code, the bytes followed by the command code will
be ignored.

Display RAM Page Write Operation

A START condition and a slave address with an R/W bit placed on the bus indicates to the addressed
device that a Register Address will follow and is to be written to the internal address pointer. The
data to be written to the memory will be transmitted next and then the internal address pointer
will be incremented by 1 to indicate the next memory address location after the reception of an
acknowledge clock pulse.

| |
I« I dd > l—————Register Address byte————————»| e Data byt >
I I I I
| s | 1 | 1 | 1 | 0 | 0 | 1 | 1 | 0 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 | Bit1 Bi(0| D7 | D6 [ D5 | D4 | D3 | D2 | D1 | DO
Write x x 1st dat:
ACK ACK ACK
| | | | | |
——————— Databye———————————»| ———————Databyte———————————»| M————————Databyte——————————»]
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO /] D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO P

| "] T
2nd d 3rd d. nth dat: .

ACK ACK ACK

N Bytes Display RAM Data Write Operation

If memory location exceeds the limit value, the memory pointer will return to 00H. The limit value
of Memory location is shown below:

Display Mode Memory Location Limit Value

24x4 0Bh
22%6 15h
20%8 13h

Read Operation

Display RAM Page Read Operation

In this mode, the master reads the device data after setting the slave address. Following the R/W bit
(=“0”) is an acknowledge bit and the register address byte which is written to the internal address
pointer. After the start address of the Read Operation has been configured, another START condition
and the slave address transferred on the bus followed by the R/W bit (=“17). Then the MSB of the
data which was addressed is transmitted first on the I?C bus. The address pointer is only incremented
by 1 after the reception of an acknowledge clock. That means that if the device is configured to
transmit the data at the address of An+1, the master will read and acknowledge the transferred new
data byte and the address pointer is incremented to An+2.
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If memory location exceeds the limit value, the memory pointer will return to 00H. The limit value
of Memory location is shown below:

Display Mode Memory Location Limit Value

24x4 0Bh
22%6 15h
20%8 13h

The read key data register address point range is 20h ~ 22h, after reaching the memory location
22H, the pointer will reset to 20h.

This cycle of reading consecutive addresses will continue until the master sends a STOP condition.

' [ '
l¢————Slave Address—————pl l¢————Register Address byte——————l
L T |

LT LT o] ]

17 T

ACK

! [ [ ! ! !
l¢————————Slave Address——————p| l¢———Databyte———p! l¢————————Data byte——————————pl l¢————————Data byte——————————pl

‘ BEE Tm

TTT

LT [reE=lolelo]s]_[ole[=[]o[e[s[s] _, [oTo]a]=
7/

1st 2nd o nth d

Read
ACK ACK ACK ACK

Note: This cycle for reading consecutive addresses will continue until the master sends a NACK and STOP condition.

INT Flag Read Operation

In this mode, the master reads the device data after setting the slave address. Following the R/'W
bit, which is zero, and the acknowledge bit, and then follows the read INT flag command byte and
a STOP condition. Next is the START condition and slave address, followed by an R/W bit which
is high. The data which was addressed is then transmitted. The Read INT Flag status format is as

follows:
T T — e T L —
Ll felo e[ fol fefeloTefefefelo] fefel [ elol ]] l*MXMxlx[xéﬁLIlﬂ
Ll 1 4]

Note: This cycle for reading consecutive addresses will continue until the master sends a NACK and STOP condition.

Command Summary

o

Command ‘ RNV‘Bit7‘Bit6‘Bit5‘Bit4‘ Bit3‘ Bit 2 ‘ Bit 1 ‘ Bito‘
Display RAM Read/Write Command

ef. ‘ Description

Display Data | W 0 0 0 A | A3 A2 A1 A0 | 0on Read/Write display RAM address

’ command
Read/Write —
R/W | D7 | D6 | D5 | D4 | D3 D2 D1 DO — | Read/Write display data
Key Data Read Command
Key Data w 0 0 1 0 0 0 K1 KO | 20h |Read key data address command
Read R | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | — |Read key data

Key Flag and Register Read Command

W 0 0 1 1 0 0 0 0 30h INTIfIag and register address point
INT Flag and setting

Register INT

R — | = | = | = | = — ~ |Flag| — Read INT flag and register status

LED Current Set Command

LED 4-level LED output current adjustment
W 0 1 0 0 |LC11|LC10 |[LCO1|LCOO| 40h [LCO[1:0]: For LEDO pin
LC1[1:0]: For LED1 pin

Current 1
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Command | R/W | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 | Def. Description
LED 4-level LED output current adjustment
Current 2 W 0 1 0 1 |LC31|LC30 |LC21|LC20| 50h |LC2[1:0]: For LED2 pin
LC3[1:0]: For LEDS3 pin
LED 4-level LED output current adjustment
Current 3 W 0 1 1 0 |LC51|LC50 |LC41|LC40| 60h |LCA4[1:0]: For LED4 pin
LC5[1:0]: For LED5 pin
LED 4-level LED output current adjustment
Current 4 W 0 1 1 1 |LC71|LC70 |LC61|LC60| 70h |LC6[1:0]: For LED6 pin
LC7[1:0]: For LED7 pin
Function Command
S bit: Standby mode selection
{0}: Standby mode (system oscillator off)
System {1}: Normal mode (system oscillator on)
Mode w 1 0 0 0 0 0 D S 80h D bit: Display on/off control
{0}: LCD display off
{1}: LCD display on
Configure SL[3:0]: Segment or LED3~LEDO shared
SEG/LED pin selection
Shared Pin w 1 0 0 1 SL3 | SL2 | SL1 ) SLO | 90h {0}: Segment output
Mode 1 {1}: LED output
M[1:0]: LCD display mode selection
{0,0}: 24x4 display mode
{0,1}: 20%8 display mode
{1,x}: 22x6 display mode
Driver Mode INT/ INT/ROW: Segment or INT pin selection
Setting w ! 0 1 0 M1 | ACT ROW MO | AOh {0}: Segment output
{1}: INT output
ACT: INT output level selection
{0}: INT output is active-low
{1}: INT output is active-high
Configure [SL7:SL4]: Segment or LED7~LED4
SEG/LED shared pin selection
Shared Pin w ! 0 1 1 SL7 | SL6 | SLS | SL4 | BOH {0}: Segment output
Mode 2 {1}: LED output
Write Write data to LEDO~LED3
LEDO~LED3 | W 1 1 0 0 | LD3 | LD2 | LD1 | LDO | COh |{0}: LED off
Data {1}: LED on
Write Write data to LED4~LED7
LED4~LED7 | W 1 1 0 1 LD7 | LD6 | LD5 | LD4 | DOh |{0}: LED off
Data {1}: LED on
BZEN: Buzzer function on/off control
{0}: Off
{1}: On
Buzzer BF[1:0]: Buzzer frequency setting
Frequency w 1 1 1 0 0 |BZEN| BF1 | BFO | EOh (0,05 1kHz
{0,1}: 2kHz
{1,0}: 4kHz
{1,1}: 8kHz
SB1: Segment or BZ pin selection
Configure E?i S;gorzttanjtoutput
SEG/Buzzer | W 1 1 1 0 1 0 SB1 | SBO | E8h . p =5 .
Sh . SBO: Segment or BZ pin selection
ared Pin
{0}: Segment output
{1}: BZ output
BRI[1:0]: Resistor divider setting for LCD
bias circuit
Bias {0,0}: 2kQ
Resistor w 1 1 1 0 1 1 BR1 | BRO | EEh {0.1): 4kQ
{1,0}: 8kQ
{1,1}: 16kQ
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Command | R/W |Bit7 | Bit 6 | Bit 5 | Bit4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 | Def. Description

KP[2:0]: Key period setting
24x4 display mode:
{0,0,0}: 2 clock cycle time
{0,0,1}: 4 clock cycle time
{0,1:0}: 6 clock cycle time
{0,1,1}: 8 clock cycle time
{1,0,0}: 10 clock cycle time
{1,0,1}: 12 clock cycle time
Key Scan {1,1:0}: 14 clock cycle time
Period W 1 1 1 1 1 KP2 | KP1 | KPO | F8h |{1,1,1}: 16 clock cycle time
22x6 / 20x8 display mode:
{0,0,0}:1 clock cycle time
{0,0,1}:3 clock cycle time
{0,1:0}:5 clock cycle time
{0,1,1}:7 clock cycle time
{1,0,0}:9 clock cycle time
{1,0,1}:11 clock cycle time
{1,1:0}:13 clock cycle time
{1,1,1}:15 clock cycle time

Note: 1. x: Don’t care.
2. Def.: Power on reset default.
3. If the programmed command is not defined, the function will not be affected.

Command Description

Display Data Read/Write Command

This command can write display data from an MCU to the device memory map or can read from the
device.

Command R/W | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.

Display data w 0 0 0 A4 A3 A2 A1 AO 00h
Read/Write R/IW D7 D6 D5 D4 D3 D2 D1 DO —

Note: 1. Power on status: The address is set to 00H.

2. If the programmed command is not defined, the function will not be affected.

3. For 24x4 display mode after reaching the memory location 0BH, the pointer will reset to
00H.

4. For 22x6 display mode after reaching the memory location 15H, the pointer will reset to
00H.

5. For 20x8 display mode after reaching the memory location 13H, the pointer will reset to
00H.

Key Data Read Command

This command can read key data from the device.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.

w 0 0 1 0 0 0 K1 KO 20h
R D7 D6 D5 D4 D3 D2 D1 DO —

Key data Read
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The following table is a mapping from the RAM to the key data output:

Bit Key Data
Note
K1 KO D7 D6 D5 D4 D3 D2 D1 DO Def.
0 K7 K6 K5 K4 K3 K2 K1 KO 00h | Default value
K15 | K14 | K13 | K12 K11 K10 K9 K8 00h —
X K23 | K22 | K21 K20 | K19 | K18 | K17 | K16 | 00h —

Note: 1. Power on status: The address is set to 20H.

2. If the programmed command is not defined, the function will not be affected.

3. It is strongly recommended that read the key data registers from address 0x20H only.
The key data registers of address from 0x20H to 0x22H should be read continuously and

complete in one time.

4. After the key data registers have been read, the key data registers are cleared to “0”.

INT Flag and Register Read Command
This command can read the INT flag and the device register status.

Command R/W | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.
INT Flag and w 0 0 1 1 0 0 0 0 30h
Register Read R — — — _ _ _ _ INT Flag _

Note: 1. Power on status: The address is set to 30H.

2. If the programmed command is not defined, the function will not be affected

LED Current Set Command

This command can set four levels of the source/sink current driving capability for each LED port.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.
LED Current 1 W 0 1 0 0 LC11 | LC10 | LCO1 | LCOO | 40h
LED Current 2 w 0 1 0 1 LC31 | LC30 | LC21 | LC20 50h
LED Current 3 w 0 1 1 0 LC51 | LC50 | LC41 | LC40 | 60h
LED Current 4 W 0 1 1 1 LC71 | LC70 | LC61 | LC60O 70h

Bit
LEDO~LED7 Source/Sink Current Selection Note
LCn1 LCnO
0 0 Source/Sink current = Level 0 (min.) Default value
0 1 Source/Sink current = Level 1 —
1 0 Source/Sink current = Level 2 —
1 1 Source/Sink current = Level 3 (max.) —

Note: 1. n: 0~7, corresponding to LEDO~LED7

2. Refer to D.C. Characteristics for the detailed LED current value.
3. Power on status: The Source/Sink current LevelO is selected.

4. If the programmed command is not defined, the function will not be affected.
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System Mode Command

This command controls the internal system oscillator on/off and display on/off.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.
System Mode w 1 0 0 0 0 0 D S 80h
Bit . Internal System
= S LCD Display Oscillator Note
0 0 off off Standby mode
Default value
Display off
0 ! Off On Enable Internal System oscillator
1 0 Off Off Standby mode
1 1 On On Normal mode

Note: 1. Power on status: Display off and disable Internal System oscillator

2. If the programmed command is not defined, the function will not be affected.

Configure SEG/LED Shared Pin Mode Command
This command controls the SEG/LED shared pin selection.

Command RW | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.
iﬁgﬁggrsifiﬁgff W 1 0 0 1 | sL3 | sL2 | SL1 | sLo | 9oh
izgﬁggrgifiﬁgfg) w 1 0 1 1 | SL7 | sL6 | SL5 | SL4 | BOh

Bit Shared Pin Mode 1
SL3 | SL2 | SL1 | SLO | SEG23/LEDO | SEG22/LED1 | SEG21/LED2 | SEG20LED3| OF
ol o] ol o SEG23 SEG22 SEG21 SEG20 szfli‘;”
o | o | o 1 SEG23 SEG22 SEG21 LED3 —
0o | o 1 0 SEG23 SEG22 LED2 SEG20 —
0| o 1 1 SEG23 SEG22 LED2 LED3 —
0 1 0| o SEG23 LED1 SEG21 SEG20 —
0 1 0 1 SEG23 LED1 SEG21 LED3 —
0 1 1 0 SEG23 LED1 LED2 SEG20 —
0 1 1 1 SEG23 LED1 LED2 LED3 —
1 o | 0o o LEDO SEG22 SEG21 SEG20 —
1 0o | o 1 LEDO SEG22 SEG21 LED3 —
1 0 1 0 LEDO SEG22 LED2 SEG20 —
1 0 1 1 LEDO SEG22 LED2 LED3 —
1 1 0| o LEDO LED1 SEG21 SEG20 —
1 1 0 1 LEDO LED1 SEG21 LED3 —
1 1 1 0 LEDO LED1 LED2 SEG20 —
1 1 1 1 LEDO LED1 LED2 LED3 —
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Bit Shared Pin Mode 2

SL7 | SL6 | SL5 | SL4 | SEG14/LED4| SEG13/LED5 | SEG12/LEDS | SEGI/LEDT| OF

ol o] ol o SEG14 SEG13 SEG12 SEG1 Default
value
ol o | o | 1 SEG14 SEG13 SEG12 LED7 —
oo | 1] o SEG14 SEG13 LED6 SEG11 —
ol o | 1| 1 SEG14 SEG13 LED6 LED7 —
o | 1] 0| o SEG14 LEDS5 SEG12 SEG11 —
o | 1] 0 | 1 SEG14 LEDS5 SEG12 LED7 —
o | 1] 1| o SEG14 LEDS5 LED6 SEG11 —
o | 1| 1 | 1 SEG14 LEDS5 LED6 LED7 —
1 0] 0] o LED4 SEG13 SEG12 SEG11 —
1] 0 0| 1 LED4 SEG13 SEG12 LED7 —
1 0] 1] o LED4 SEG13 LED6 SEG11 —
1 0 | 1| 1 LED4 SEG13 LED6 LED7 —
1110 o LED4 LEDS5 SEG12 SEG11 —
11 1] 0 | 1 LED4 LEDS5 SEG12 LED7 —
111 1] o LED4 LEDS5 LED6 SEG11 _
T 1 1] 1 LED4 LEDS5 LED6 LED7 —

Note: 1. Power on status: The Segment/LED shared pin is set to segment pin.

2. If the programmed command is not defined, the function will not be affected.

Driver Mode Command

This command controls the display mode, INT/SEG shared pin selection and INT output active-level

setting.
Command RW | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.
. INT/
Driver Mode W 1 0 1 0 M1 ACT ROW MO AOh
Bit Display Mod Dut Bi Not
Ispila oae u 1as ote
M1 MO play y
0 0 24x4 1/4 1/3 Default value
0 1 20x8 1/8 1/4 —
1 X 22x6 116 13 —
Bit Display Shared Pin INT Output
. Note
ACT | INT/ROW | Mode SEG19/COM4/K19/INT | SEG15/K15/INT | Active-Level
0 0 SEG19/K19 SEG15/K15 — Default value
0 1 oaxa INT SEG15/K15 Low —
1 0 SEG19/K19 SEG15/K15 — —
1 1 INT SEG15/K15 High —
0 0 cCom4 SEG15/K15 — —
0 1 com4 INT Low —
22x6
1 0 com4 SEG15/K15 — —
1 1 CcCoMm4 INT High —
0 0 cCom4 SEG15/K15 — —
0 1 20x8 COoM4 INT Low —
1 0 com4 SEG15/K15 — —
1 1 com4 INT High —

Note: 1. Power on status: The Segment/INT shared pin is set to segment pin and 24x4 display mode is selected.

2. If the programmed command is not defined, the function will not be affected.
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Write LED Data Command
This command is used to write data to LED device. A logic “1” in the register indicates the “on”
state of the corresponding LED; similarly, a logic 0 indicates the “off” state.

Command R/IW Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Def.
Write LEDO~LEDS3 Data W 1 1 0 0 LD3 LD2 LD1 LDO COh
Write LED4~LED7 Data W 1 1 0 1 LD7 LD6 LD5 LD4 DOh

Bit LED Data 0~3
Note
LD3 LD2 LD1 LDO LED3 LED2 LED1 LEDO
0 0 0 0 Off Off Off Off Default value
0 0 0 1 Off Off Off On —
0 0 1 0 Off Off On Off —
0 0 1 1 Off Off On On —
0 1 0 0 Off On Off Off —
0 1 0 1 Off On Off On —
0 1 1 0 Off On On Off —
0 1 1 1 Off On On On —
1 0 0 0 On Off Off Off —
1 0 0 1 On Off Off On —
1 0 1 0 On Off On Off —
1 0 1 1 On Off On On —
1 1 0 0 On On Off Off —
1 1 0 1 On On Off On —
1 1 1 0 On On On Off —
1 1 1 1 On On On On —
Bit LED Data 4~7
Note
LD7 LD6 LD5 LD4 LED7 LED6 LED5 LED4
0 0 0 0 Off Off Off Off Default value
0 0 0 1 Off Off Off On —
0 0 1 0 Off Off On Off —
0 0 1 1 Off Off On On —
0 1 0 0 Off On Off Off —
0 1 0 1 Off On Off On —
0 1 1 0 Off On On Off —
0 1 1 1 Off On On On —
1 0 0 0 On Off Off Off —
1 0 0 1 On Off Off On —
1 0 1 0 On Off On Off —
1 0 1 1 On Off On On —
1 1 0 0 On On Off Off —
1 1 0 1 On On Off On —
1 1 1 0 On On On Off —
1 1 1 1 On On On On —

Note: 1. Power on status: The LED output off.

2. If the programmed command is not defined, the function will not be affected.
3. When the LED is off, the LED pin outputs low. When the LED is on, the LED pin outputs high.
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Buzzer Frequency Setting Command
This command controls the buzzer frequency and the buzzer on/off.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.
Buzzer (tone) frequency | W 1 1 1 0 0 |BZEN| BF1 | BFO | EOh
Bit
Buzzer Note
BZEN
0 Off Default value
1 On —
Bit Buzzer
Note
BF1 | BFo | Frequency
0 0 1kHz Default value
0 1 2kHz —
1 0 4kHz —
1 1 8kHz —

Note: 1. Power on status: The buzzer device is off.

2. If the programmed command is not defined, the function will not be affected.

Configure SEG/Buzzer Shared Pin Mode Command
This command controls the SEG/Buzzer shared pin selection.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.
Configure SEG /

. w 1 1 1 0 1 0 SB1 SBO E8h
Buzzer shared pin
Bit Shared Pin
— Note
SB1 SB0 SEG10/K10/BZ | SEG9/K9/BZ
0 0 SEG10/K10 SEG9/K9 Default value
0 1 SEG10/K10 BZ —
1 0 BZ SEG9/K9 —
1 1 BZ Bz —

Note: 1. Power on status: The Segment/BZ and Segment/BZ shared pin are set to segment pin.

2. If the programmed command is not defined, the function will not be affected.

Bias Resistor Setting Command

This command sets the four-level resistance selection for the bias circuit.

Command R/W | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.

Bias Resistor W 1 1 1 0 1 1 BR1 BRO | EEh
Bit Resistor Value of | Total Bias Resistor Selection
BR1 | BRo | Each Section 1/3 Bias 1/4 Bias Note
0 0 2kQ 6kQ 8kQ —
0 1 4kQ 12kQ 16kQ —
1 0 8kQ 24kQ 32kQ Default value
1 1 16kQ 48kQ 64kQ —

Note: 1. Power on status: The 8kQ resistance of each section is selected.

2. If the programmed command is not defined, the function will not be affected.
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Key Scan Period Command
This command selects the frame frequency.

Command R/W | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Def.

Key Scan Period W 1 1 1 1 1 KP2 | KP1 KPO F8h
Bit Display Mode
Note

KP2 | KP1 | KPO 24x%4 22x6 20x8

0 0 0 2 clock cycle time | 1 clock cycle time | 1 clock cycle time | Default value

0 0 1 4 clock cycle time | 3 clock cycle time | 3 clock cycle time —

0 1 0 6 clock cycle time | 5 clock cycle time | 5 clock cycle time —

0 1 1 8 clock cycle time | 7 clock cycle time | 7 clock cycle time —

1 0 0 10 clock cycle time | 9 clock cycle time | 9 clock cycle time —

1 0 1 12 clock cycle time | 11 clock cycle time | 11 clock cycle time —

1 1 0 14 clock cycle time | 13 clock cycle time | 13 clock cycle time —

1 1 1 16 clock cycle time | 15 clock cycle time | 15 clock cycle time —

Note: 1. Power on status: 2 clock cycle time for 24x4 Display mode

2. If the programmed command is not defined, the function will not be affected.

Operation FlowChart

The access procedure is illustrated using the following flowcharts.

Driver mode setting

v

Segment / LED
shared pin setting

v

Segment / Buzzer
shared pin setting

v

LED current setting

v

Bias resistor setting

v

Key scan period
setting

v

System mode setting

* Initialisation

Next processing
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* Display Data Write — Address Setting

Address setting

v

Display data RAM write

v

Display on and enable
internal system clock

Next processing

» Key Data Read

Yes Port Configuration Register sef

No

INT/ROW bit = 1?

No

“ACT" bit=0"7

A

INT pin bit=0"? INT pinbit=17?

Read Key data |

' !

| Read Key data | |

| INT pin is set to high level | | INT pin is set to low level |

Next processing Next processing

A

INT flag bit =1 ?

| Read Key data |

!

| Clear INT flag |

Next processing
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Application Circuit

24x4 Display Mode
 Display Mode without INT
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 Display Mode with LED and no INT
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 Display Mode with Buzzer and no INT
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 Display Mode with Buzzer and INT
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[ K

Note: R1=180kQ~220kQ, adjust R1 to fit the LCD visual quality.
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22x6 Display Mode
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» Display Mode with INT

SEGO/KO

R1x21

SEG1/K1

SEG2/K2

SEG3/K3

SEG4/K4

VDD C

VDD SEG5/K5

SEG6/K6

0.AuF SEG7/K7

SEG8/K8
SEGO/K9/BZ

——e

SEG10/K10/BZ

VDD SEG11/K11/LED7

SEG12/K12/LED6

SEG13/K13/LEDS
4.7kQ 3
47k SEG14/K14/LED4

SEG15/K15/INT

SEG16/COM7/K16

SEG20/K20/LED3

SCL SEG21/K21/LED2

SEG22/K22/LED1

SEG23/K23/LEDO

MCU SDA
HT16K24

SEG17/COM6/K17/INT

LCD Panel

SEG18/COM5/K18 4
SEG19/COM4/K19/INT

COom3

VvSS com2

Vss O

Com1

CcomMo

VSS

*—0 O—e

Rev. 1.00

38

June 11, 2025



HT16K24

RAM Mapping 24x4 / 22x6 / 20%8
LCD Controller Driver with Key Scan

HOLTEK

 Display Mode with LED and no INT
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» Display Mode with LED and INT
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SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

VDD

4.7kQ

4.7kQ

VDD SEGS5/K5
SEG6/K6

SEGT7/K7

SEG8/K8

SEGY/KO/BZ

SEG10/K10/BZ
SEG15/K15/INT
SEG16/COM7/K16

HT16K24

SCL

SEG18/COM5/K18

MCU

SDA  SEG19/COM4/K19/INT
Ccom3
COoM2
CcoM1
CcomMo

VSs

Vss O

SEG17/COM6/K17/INT

SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LED5S
SEG14/K14/LED4
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1
SEG23/K23/LEDO

VSS

R1x13

LCD Panel

— |

RLEDx8
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 Display Mode with Buzzer and no INT

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

VooO

VDD

MCU

VSS

Py

4.7kQ

0.1uF

—+—e

4.7kQ

VDD SEGS5/K5
SEG6/K6

SEG7/K7

SEG8/KS
SEG11/K11/LED7
SEG12/K12/LEDG
SEG13/K13/LED5
SEG14/K14/LED4
SEG15/KA5/INT
SEG16/COM7/K16
SEG17/COMG/KA7/INT
SEG20/K20/LED3
SEG21/K21/LED2

SCL SEG22/K22/LED1
SEG23/K23/LEDO

VssO

SDA
HT16K24

SEG18/COM5/K18
SEG19/COM4/K19/INT
COoM3

ComM2

COM1

COoMo

SEGY/K9/BZ

SEG10/K10/BZ
VSsS

R1x20

LCD Panel

| a

+ Display Mode with Buzzer and INT

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

Voo O

VDD

MCU

VSS

4.7kQ

0.1pF

——e

4.7kQ

VDD SEG5/K5
SEG6/K6

SEG7/K?

SEG8/K8

SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LED5
SEG14/K14/LED4
SEG15/K15/INT
SEG16/COM7/K16
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1

scL SEG23/K23/LEDO

HT16K24

SDA

Vss O

SEG17/COM6/K17/INT

SEG18/COM5/K18
SEG19/COM4/K19/INT
COM3

ComM2

com1

COoMo

SEGY/K9/BZ
SEG10/K10/BZ

VSsS

Voo

R1x19

LCD Panel

— |

| K

Note: R1=180kQ~220k€Q, adjust R1 to fit the LCD visual quality.
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HOLTEK

20x8 Display Mode
 Display Mode without INT

Vop O

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

VDD

4.7kQ

e —

4.7kQ

0.

vbD SEG5/K5
SEG6/K6

1uF SEG7/K7

SEGB/K8
SEGO/K9/BZ
SEG10/K10/BZ
SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LED5
SEG14/K14/LED4
SEG15/K15/INT
SEG20/K20/LED3
SEG21/K21/LED2

SCL SEG22/K22/LED1
SEG23/K23/LEDO

MCU

Vss

SDA HT16K24

SEG16/COM7/K16
SEG17/COM6/K17/INT
SEG18/COM5/K18
SEG19/COM4/K19/INT
ComM3

COoM2

COoM1

COoMo

VSsS

Vss O

R1x20

LCD Panel

* Display Mode with INT

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

Voo O

VDD

4.7kQ

——e

4.7kQ

0.

vbD SEG5/K5
SEG6/K6

1F SEGT7/K7

SEG8/K8
SEGY/K9/BZ
SEG10/K10/BZ
SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LEDS
SEG14/K14/LED4
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1

SCL SEG23/K23/LEDO

HT16K24

MCU

» SDA

VSs

VssO

SEG15/K15/INT

SEG16/COM7/K16
SEG17/COM6/K17/INT
SEG18/COM5/K18
SEG19/COM4/K19/INT
COoM3

COoM2

COM1

ComMo

VSsS

R1x19

LCD Panel
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 Display Mode with LED and no INT

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

Voo O

VDD

MCU

VSS

4.7kQ

4.7kQ

VDD SEG5/K5
SEG6/K6

SEGT7/K7

SEG8/KS

SEGY/K9/BZ

SEG10/K10/BZ
SEG15/K15/INT

HT16K24

scL SEG16/COM7/K16

SEG17/COMG/K17/INT
SEG18/COM5/K18

Vss O

SDA SEG19/COM4/K19/INT
COoM3
COoM2
COM1
COoMo

SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LED5
SEG14/K14/LED4
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1
SEG23/K23/LEDO

Vop O

VSS

R1x12

LCD Panel

— |

RLEDx8
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 Display Mode with LED and INT

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4

VDD

MCU

VSsSs

4.7kQ

4.7kQ

VDD SEGS5/K5
SEG6/K6

SEG7/K7

SEG8/K8

SEGY/K9/BZ

SEG10/K10/BZ

HT16K24

SEG16/COM7/K16
SEG17/COMG/K17/INT
SEG18/COM5/K18

Vss O

SDA SEG19/COM4/K19/INT
COoM3
Ccom2

CoM1
SEG15/K15/INT oMo

SEG11/K11/LED7
SEG12/K12/LED6
SEG13/K13/LED5S
SEG14/K14/LED4
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1
SEG23/K23/LEDO

VSS

R1x11

LCD Panel

— |

RLEDx8
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 Display Mode with Buzzer and no INT

R1x18
SEGO/KO

SEG1/K1

SEG2/K2

SEG3/K3

SEG4/K4

vbD SEGS5/K5
SEG6/K6

0.1uF SEG7/K7
SEG8/K8

SEG11/K11/LED7
SEG12/K12/LED6
VoD SEG13/K13/LED5
SEG14/K14/LED4
47kQ 47kQ SEG15/K15/INT
SEG20/K20/LED3
SEG21/K21/LED2
SEG22/K22/LED1
SEG23/K23/LEDO

Voo O

——e

SCL

HT16K24
MCU SDA —

LCD Panel

SEG16/COM7/K16 #
SEG17/COM6/K17/INT

SEG18/COM5/K18
SEG19/COM4/K19/INT
VSS COM3
Ccom2
COM1
COMOo

SEGO/K9/BZ ](]
Vss O vss SEG10/K10/BZ

 Display Mode with Buzzer and INT

R1x17

SEGO/KO
SEG1/K1
SEG2/K2
SEG3/K3
SEG4/K4
VDD SEGS5/K5
SEG6/K6
10F SEG7/K7

°
I 0.
l SEG8/K8

VDD C L L

SEG11/KI1/LED?
SEG12/K12/LED6
vbD SEG13/K13/LED5
SEG14/K14/LED4
4.7kQ 47KkQ SEG20/K20/LED3

SEG21/K21/LED2
SEG22/K22/LED1
SEG23/K23/LEDO

SCL

HT16K24

MCU SDA —

SEG15/K15/INT LCD Panel

SEG16/COM7/K16 4
SEG17/COM6/K17/INT

SEG18/COM5/K18
SEG19/COM4/K19/INT
VSS COM3
COM2
COM1
COMO

SEG9/K9/BZ j(]

Vss O VSS SEG10/K10/BZ

Note: R1=180kQ~220kQ, adjust R1 to fit the LCD visual quality.

Rev. 1.00 43 June 11, 2025



] HT16K24
HDLTEK# RAM Mapping 24x4 / 22x6 / 20%8

LCD Controller Driver with Key Scan

Package Information

Note that the package information provided here is for consultation purposes only. As this
information may be updated at regular intervals users are reminded to consult the Holtek website for
the latest version of the Package/Carton Information.

Additional supplementary information with regard to packaging is listed below. Click on the relevant
section to be transferred to the relevant website page.

» Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
» The Operation Instruction of Packing Materials

e Carton information
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HOLTEK i ’

SAW Type 32-pin QFN (4mmx4mmx0.75mm) Outline Dimensions

D2
‘ 25 ‘ 32
| Ooooooon
| S i =
| 1 \ ]
| (.
S N o W . . I
| (.
| (.
| :| | |:
‘ 17 [ ‘ ]
‘ Annnanmn
| A1 ' | °
D A3 N K
Dimensions in inch
Symbol
Min. Nom. Max.
A 0.028 0.030 0.031
A1 0.000 0.001 0.002
A3 0.008 REF
b 0.006 0.008 0.010
D 0.157 BSC
0.157 BSC
0.016 BSC
D2 0.100 — 0.108
E2 0.100 — 0.108
L 0.010 — 0.018
K 0.008 — —
Dimensions in mm
Symbol
Min. Nom. Max.
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
A3 0.203 REF
b 0.15 0.20 0.25
D 4.00 BSC
4.00 BSC
0.40 BSC
D2 2.55 — 2.75
E2 2.55 — 2.75
L 0.25 — 0.45
K 0.20 — —
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Copyright® 2025 by HOLTEK SEMICONDUCTOR INC. All Rights Reserved.

The information provided in this document has been produced with reasonable care and attention
before publication, however, HOLTEK does not guarantee that the information is completely
accurate. The information contained in this publication is provided for reference only and may
be superseded by updates. HOLTEK disclaims any expressed, implied or statutory warranties,
including but not limited to suitability for commercialization, satisfactory quality, specifications,
characteristics, functions, fithess for a particular purpose, and non-infringement of any third-
party’s rights. HOLTEK disclaims all liability arising from the information and its application. In
addition, HOLTEK does not recommend the use of HOLTEK’s products where there is a risk of
personal hazard due to malfunction or other reasons. HOLTEK hereby declares that it does not
authorise the use of these products in life-saving, life-sustaining or safety critical components. Any
use of HOLTEK’s products in life-saving/sustaining or safety applications is entirely at the buyer’s
risk, and the buyer agrees to defend, indemnify and hold HOLTEK harmless from any damages,
claims, suits, or expenses resulting from such use. The information provided in this document,
including but not limited to the content, data, examples, materials, graphs, and trademarks, is the
intellectual property of HOLTEK (and its licensors, where applicable) and is protected by copyright
law and other intellectual property laws. No license, express or implied, to any intellectual property
right, is granted by HOLTEK herein. HOLTEK reserves the right to revise the information described
in the document at any time without prior notice. For the latest information, please contact us.
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